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(54) DISPLAY DEVICE 

(5 7) Abstract: 

PURPOSE: To improve the quality of an image by arranging picture 
element electrodes on an insulating film which covers at least part of an 
active element and wiring. 

CONSTITUTION: There is the insulating film on the element and there 
are picture elenient electrodes 4 on it, so thin film transistor TETs 41, 42, 
43, and 45 and a data line 47 are covered with the electrode 48. Liquid 
crystal 49 is driven with an electric field between a counter electrode 5 1 
and the electrode 48. The electrode 48 is formed of a transparent 
conductive film and polarizing plates are arranged on and under insulating 
substrates 40 and 50 to form the transmission type display device; when 
the gap between electrodes 48 is positioned right on the line 47 and a 
scanning line, wiring operates as a light shield layer and light transmitted 
through other parts is used effectively to obtain a bright picture with a high 
contrast ratio, thereby obtaining the excellent image quality. 
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Specification 

1. Title of the Invention 

Display 

2- What Is Claimed 

(1) A Display characterized as, being made by encapsulating electrical optical 
material between the gap countered the first insulating substrate on which the 
planar active element arrays, interconnections to input signals to said active 
elements and picture element electrodes connected to said each active elements 
being provided and the second substrate on which a counter electrode being 
provided, and a insulating film covering said active elements and at least on 
the partial surface of interconnection being provided, and picture element 
electrodes being arranged on said insulating film* 

(2) The display of Claim 1, characterized as said picture element electrodes 
being arranged as at least the part of the gap between each picture element 
electrode on said interconnection. 

(3) The display of Claim 1, characterized as the insulating film covering said 
active elements and the surface of the interconnection being formed thinly on 
said active elements and the surface of the interconnection and thickly on the 



✓ 



ocher part. 

(•i) The display 

being formed by 



of Claim 1, characterized as said picture element electrodes 
metal thin f i la 



Detailed Description of the Invention 
(An Industrial Utilizable Field) 

The present invention relates to a structure of a display. 

(The Conventional Technique) 

An example of the display using the conventional electrical optical 
material is shown in p. 211 to 240 of Nikkei Electronics No. 351, published in 
September 10, 1984. Figure 2 shows the example of plan view of the display, 
thin film transistor, TFT 14 is arranged at the intersecting point of the data 
line 12 and the scan line 13 ? the picture element electrode 11 is connected to 
each TFT. Figure 3 shows the example of the cross -sect ion, 20 and 30 are the 
insulating substrates, 21, 22, and 23 are the source, the drain, and the channel 
of TFT, 24 is the gate insulating film and 25 is the gate electrode, 26 is the 
inter layer insulating film, 27 is the data line, 28 is the picture element 
electrode, 31 is the counter electrode, and the electrical optical material 29 
like as liquid crystal encapsulated between two substrates are driven in the 
electric field between the picture element electrode 28 and the counter 
electrode 31. 
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(The Problem ffhich This Invention Would Resolve) 

However, the conventional technique above mentioned has the problem as 
follows. That is to say, it is necessary to minimize the area of picture 
element in order to realize high resolution of picture of display. But, 
generally, it is difficult to minimize the active element and the area of 
interconnection, the rate of the area which the picture element electrode 
occupies is reduced. Because only the region of picture element electrode can 
display the image, the reduce of rate of it causes a reduction of the contrast 
rate and a remarkable damage of the picture quality. Glare protection of the 
part except the picture element electrode is effective to make the contrast rate 
high, but makes the picture dim. 

This invention would resolve such problems, and its purpose is a 
realization of the display that a contrast rate is not reduced and a picture 
does not become dim in spite of a high density of picture element. 

(The Means to Solve the Problem) 

The display of this invention is characterized as being provided the 
insulating film covering the active elements and at least the partial surface of 
the interconnection, and the picture element electrodes being arranged on said 
insulating film. 
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(Effect) 

The constitution of this invention above mentioned, the rate of area the 
picture element electrodes occupy hardly changes by a high density of picture 
element. Therefore, it does not cause the reduction of the contrast rate or the 
picture dim, 

(Embodiment 1) 

Figure 1 shows the plan view, and Figure 4 shows the cross -sect ion of an 
Embodiment of the display of this invention* In this Embodiment, TFT is used as 
the active element, and liquid crystal is used as the electrical optical 
material. This display consists of the data line 2, the scan line 3, TFT 4 
provided on the intersecting point of them, and the picture element electrode L 
The source electrode of TFT is connected with the data line 2, the gate 
electrode with the scan line 3, and the drain electrode with the picture element 
electrode 1, and TFT is used as a switching element sending the signal of the 
data line to the picture element electrode in response to the timing of the scan 
line. In Figure 4, 40 is the insulating substrate, 41, 42, 43, and 45 are the 
source, the channel, the drain and the gate electrode of TFT r and 44 is the gate 
insulating film. 46 is the inter layer insulating film, and 47 is the data line. 
In this Embodiment, another insulating film 52 is on these elements. Because the 
picture element electrode 48 is formed on it t the top of the TFT and the data 
line can be covered with the picture element electrode. 50 is the other 
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insulating substrate. 51 is the counter electrode made of the transparent 
conductive film, and 49 is the liquid crystal. The liquid crystal 49 is driven 
in the eieccric f;eid between the counter eiectrode 51 and the picture element 
electrode 4S. The transmission type display is made by the picture element 
electrode 48 being formed by using the transparent conductive film and the 
polarizing plates being set above and below of two insulating substrates. When 
the gaps between the picture element electrodes are arranged just on the data 
line and the scan line like as Figure 1, these interconnections function as the 
glare protective layer, the light transmitted through the other parts is used 
effectively, and the high contrast rate and bright picture can be gotten. The 
other hand, the reflection type display is made by coating with the liquid 
material of polyimide or glass as a material of insulating film 52 for 
planarizing the surface, and providing the picture element electrode 48 using 
the metal like as aluminum, gold or platinum. The reflection type display can 
get the very high resolution image because it is not necessary to enlarge the 
gap between each TFT. Silicon substrate can be used in the reflection type 
display, but in case of displaying the image of large area, is not suitable 
because a parasitic capacity of interconnection is large. The insulating 
substrate needs using to get the high resolution image in a large picture. And 
in the reflection type display, the brightness of the picture does not change by 
making hold capacity in each picture element to improve the display quality. 
For example, the capacity of several to score times of liquid crystal can be 



added by vising the capacity of MOS eic. Kith this, the image of high contrast 
rate. and good uniformity in picture in a very broad range of temperature can be 
get with good reproducibility. As an application example of the display like 
this, there are a projection type display and etc. Because the display of this 
invention is thin and can display che image of high resolution and high qualify, 
the projection type display which is small and can display the image of high 
quality and large picture can be realized by using the display of this invention 
as a light valve of the transmission type or the reflection type. 
(Embodiment 2) 

Figure 5 shows an example of cross-section of the display using a different 
structural TFT from Embodiment L In this Embodiment, the gate insulating film 
44 substitutes for the inter layer insulating film because the gate electrode 45 
is below the channel. The insulating film is much thinner than that of Figure 
4. Even using TFT of the different structure, the same image as Embodiment 1 
can be gotten by forming the picture element electrode 48 after forming the 
insulating film 52 as same as Embodiment L 
(Embodiment 3) 

Figure 6 shows the example of cross -sect ion of the display of the 
Embodiment 3 in this invention. In this example, two* terminal non-line resistor 
elements are used instead of active elements. In case of using the two-terminal 
elements, the interconnection is the scan line 65 only on the first insulating 
substrate 60, and the counter electrode 71 on the second insulating substrate 70 



!is scripe shape and substitutes for the data line. The structure of two- 
terminal element is simple compared with TFT, for example of MIM diode, the 
insulating film 64 is interposed between the metal electrode 62 and the scan 
line 65 made of metal and its non-line resistor is used. As the other examples 
of two-terminal element, there are a diode ring, a NIN diode, a MSI diode and 
etc. In ail cases* when the insulating film 72 is formed on these elements, the 
picture element electrode 68 is provided on the film, and the gap between the 
picture element electrode is arranged on the scan line, high contrast rate and 
bright image can be gotten in spite of high resolution. And, when the picture 
element electrode made of metal is formed, the reflection type display can be 
realized. 



(The Effect of This Invention) 

As above mentioned, in the display of this invention, the picture does not 
become dim in spite of high resolution of the picture element because the 
occupied area of the picture element electrode can be maximized. And, the 
contrast rate is high because the interconnection functions as the glare- 
protective layer. Moreover, the electrical optical material is applied a 
necessary signal voltage only because only the picture element electrode and the 
counter electrode are arranged on the surface being in contact with the 
electrical optical material like as liquid crystal and other interconnections 
are below the insulating film. Therefore, a high quality image can be gotten 



because a transmi t tance and a reflectance become uniform all over the picture 
elements, and a reliability of the electrical optical material is elevated. 

On the other hand, in case of using the reflection type display, by adding 
the hold capacity, the image of high resolution, high contrast rate and a very 
good uniformity in picture in a broad range of temperature can be get with good 
reproducibility. And/ a flicker disappears because the off-set voltage caused 
by switching is almost lost by the parasitic capacity of the active element and 
the reliability of the electrical optical material is further elevated 

4, The Brief Explanation of the Figures 

Figure 1 shows the plan view of the display* 

Figure 2 shows the plan view of the conventional display* 

Figure 3 shows the cross-section of the conventional display. 

Figure 4, 5 and 6 show the cross-sect ion of the display. 

1, 11, 28, 48 and 68 picture element electrode 

52 and 72 insulating film 

2 and 12 data I ine 

3 and 13 • scan I ine 

above a 1 !. 
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